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ABSTRACT
In this study we described the macroscopic and microscopic histology of the reproductive system of male and female 
Podocnemis lewyana neonates (3.5 months old). We found macroscopic differences in the morphology of the gonads between 
the sexes, with ovaries being twice as long as testes, and testes being twice as wide as ovaries. Microscopically, we identified 
several immature elements, such as the lack of a muscle layer in the oviduct of females, and simple epithelia instead of 
pseudostratified epithelia in the oviduct and epididymis described in reptile adults. We also found a black pigment observed 
macroscopically in the mesovarium, and macroscopically and histologically in the epididymis. This pigment is consistent with 
the center of melano-macrophages described in other vertebrates. Finally we described a supporting mesenchymal structure, 
the appendage of the oviduct, which was much longer than what has been described in other Podocnemis species.
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RESUMEN
En este estudio se realizó una descripción macro y microscópica del sistema reproductivo de tortugas machos y hembras de 
neonatos de Podocnemis lewyana de 3,5 meses de edad. Se hallaron diferencias macroscópicas en las gónadas, esto es, el ovario 
fue el doble de largo relativo al testículo, pero el testículo fue el doble de ancho relativo al ovario. Microscópicamente se 
identificaron varios elementos inmaduros tales como la ausencia de una capa muscular reportada en el oviducto de hembras 
de reptiles adultas, y epitelios simples en lugar de epitelios pseudoestratificados en oviducto y epidídimo en reptiles adultos. 
También se describe un pigmento negro observado macroscópicamente en el mesoovario de las hembras, y macroscópica 
e histológicamente en el epidídimo de los machos. Este pigmento es compatible con los centros de melanomacrófagos 
reportados en otros vertebrados. Finalmente, se describe también una estructura mesenquimatosa de soporte que 
identificamos como el apéndice del oviducto, la cual fue mucho más larga que las descritas en otras especies de Podocnemis.
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INTRODUCTION
The Magdalena river turtle, Podocnemis lewyana (Chelonia: 
Podocnemididae), is a highly aquatic river species and 
endemic to the Magdalena and Sinú River drainages of 
Colombia (Páez et al., 2009). The adults exhibit female-
biased sexual size dimorphism, with females reaching up to 
50 cm and males 36 cm of linear carapace length (Páez et al., 
2012). The sex of this species is determined by the temperature 
at which eggs are incubated (Páez et al., 2009). This is, the 
pivotal temperature of 33.4 °C produces both sexes in similar 
proportions, while higher temperatures produce mainly 
females and lower temperatures produce mainly males (Páez 
et al., 2009). Its reproductive cycle has not been studied in 
detail, however it is known that there are two nesting seasons: 
between December and March, and between June and August 
(Gallego-García and Castaño-Mora, 2008; Ceballos et al., 
2014). Its average clutch size varies between 20 to 22 eggs, 
with an egg weight varying between 18-38 g and an egg size 
between 31-50 mm long x 21-44 mm width (Páez et al., 2012; 
Ceballos et al., 2014). Whether P. lewyana nests in one or both 
nesting seasons is unknown (Páez et al., 2012).
While these aspects of the reproductive biology have been 
studied, the anatomy and histology of its reproductive 
system has not been reviewed for this species. Overall, the 
reproductive system of the male turtles is macroscopically 
formed by a pair of testes, each with its epididymis, ducts 
deferens, suspensory ligaments, and a penis (Wyneken, 
2001). The testes, as is the case for ovaries, are derived 
from the germinal crest during the embryonary period. 
They are located posterior to the coelomic cavity and 
ventral to the kidneys, and are characterized by its smooth 
surface and fusiform shape (Kuchling, 1999; Jacobson, 
2007). Histologically, the testes are formed by a series 
of seminiferous tubules with germ cells developing into 
sperm cells or spermatozoa. When the turtle reaches sexual 
maturity these sperm cells enter into a series of smaller 
ducts, known as the rete testis, which then move into the 
epididymal ducts, and then into the duct deferens towards 
the penis (Gribbins et al., 2003; Holmes and Gist, 2004; 
Pagliarini Cabral et al., 2011).
On the other hand, the reproductive system of females is 
formed by a pair of ovaries, an oviduct, and the suspensory 
ligaments. Histologically, the ovary is an elongated structure 
formed by a cortex and a medulla. The cortex is formed by 
germinal beds and multiple developing follicular structures 
(Yntema, 1981; Callebaut et al., 1997; Hei et al., 2010; Pérez-
Bermúdez et al., 2012). Germinal beds contain oogonia 
(primordial oocytes) and oocytes (Pérez-Bermúdez et al., 
2012), which later will become a mature ovum to be fertilized 
when the female reaches sexual maturity. The ovarian 
follicular development includes three different stages: 
folliculogenesis, previtellogenesis and vitellogenesis, in which 
the oocyte increases its size gradually (e.g. from 19.2 µm to 
24.9 mm in the hawksbill turtle, Eretmochelys imbricata, Pérez-
Bermúdez et al., 2012). Deeper in the ovary is the medulla, 
which is composed of lymphoid lacunae, blood vessels, 
fibroblasts, collagen fibers, and smooth muscle (Callebaut 
et al., 1997; Hei et al., 2010; Pérez-Bermúdez et al., 2012). 
The size of the ovaries varies with age and the physiological 
state of the female, and follicles can develop in both ovaries 
at the same time (Callebaut et al., 1997). The oviduct is a 
tubular structure formed by three layers: the inner layer is 
formed by ciliated epithelium and connective tissue with 
glands and blood vessels; the middle layer or myometrium 
is formed by smooth muscle; and the outer layer is a serosa 
(Palmer and Guillette, 1988; Sarkar et al., 1995). Finally there 
are the suspensory ligaments that include the mesovarium, a 
connective tissue that fixes the ovaries to the coelomic cavity.
Gonadal differentiation is closely linked to the egg 
incubation temperature. Specifically, low temperatures are 
correlated with low levels of estrogens production by means 
of the aromatase enzime activity that converts androgens 
in estrogens (Pieau et al., 1998). This is important because 
transitional incubation temperatures that produce both 
sexes (not 100 % males, or 100 % females) have been 
correlated with a sufficient aromatase production to induce 
the formation of female elements (e.g. ovarian cortex) but 
not enough to inhibit the development of testicular cords 
in testes (Pieau et al., 1998). Such gonads are classified 
as ovotestes at hatching, which in most cases evolve as 
testes. For this reason it is recommended to sex turtles by 
gonads histology using older hatchlings when the gonad 
development is better defined.
The anatomy of the reproductive system of some Podocnemis 
turtles has been described. For example, Hernández-Henao 
et al., (2013) reviewed macro and microscopically the 
urogenital system of P. unifilis adult males and females, and 
overall they found it similar to that of the reptiles in general. 
The reproductive system of P. expansa and P. unifilis neonates 
were also histologically described (Malvasio et al., 2012). In 
this case, authors described the primordial follicles, a remnant 
of the mesonephros, and the oviduct formed by low cylindric 
epithelium and fibrous connective tissue. This connective tissue 
is additionally projected to form a remnant of an appendage, 
or saccular structure, of the oviduct. The parenchyma of the 
testes exhibits the rete testis with simple cubic epithelium 
with some spermatogonia, and the epididymis with ciliated 
cubic epithelium (Malvasio et al., 2012). The basic anatomy 
of all reptiles is very similar, however there are variations in the 
accessory structures in some taxa (Norris and Lopez, 2010). 
Given that the Magdalena River turtle, Podocnemis lewyana, is 
an endangered species of Colombia (Castaño-Mora, 2002), 
and that the histology of its reproductive system has not 
been described, herein we contribute to the knowledge of 
the anatomy and histology of its reproductive system. We 
specifically provide a macro and microscopic description of 
the reproductive system of male and female neonates of 3.5 
months of age.
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MATERIAL AND METHODS
Hatchlings morphometry
This study used ten males and ten female hatchlings between 3 
and 3.5 months of age collected in the Rio Claro Cocorná Sur, 
near the town of Estación Cocorná, Puerto Triunfo, Antioquia. 
Sexing these hatchlings was not possible using laparoscopy 
because of the small size of the gonads (<5 mm) and the 
turtles themselves. These turtles originated from four different 
clutches previously incubated at constant temperatures are 
expected to 100 % males: 29 °C (n=5) and 31°C (n=5), and 
100 % females: 34 °C (n=10) (Páez et al., 2009).
Hatchlings were maintained in an outdoor pool for 3.5 months 
with food ad libitum as part of the headstarting program leaded 
by the non governmental organization Asociación Ambientalista 
Futuro Verde, AAFUVER (Romero, 2011). With the purpose of 
testing for sexual size dimorphism at this early age, we also 
monitored body growth. Specifically, we measured egg weight 
and body weight at seven days and 3.5 months of age using 
a Lexus balance to its nearest 0.1 g. We used an analysis of 
variance (ANOVA) to test for sexual dimorphism in body weight.
Tissue collection, dissection and staining
When turtles were 3.5 months (juveniles) were euthanized 
by a lethal injection of 0.1 ml (1 mg) of propofol (Carpenter, 
2006) in the occipital venous sinus. Because turtles can 
withstand long periods of anoxia, following the injection 
turtles were decapitated to ensure death (McArthur et al., 
2004). After the coelomic cavity was exposed, the digestive 
tract was removed to expose the reproductive system 
including the kidneys that are intimately connected. Tissues 
were temporally fixed in 70 % alcohol, and then the samples 
were sent to the animal Pathology Lab at the Veterinary 
School of the University of Antioquia were the samples were 
transferred to 10 % buffered formaldehyde.
Once in the lab the organs were finely dissected using a 
stereoscope, a scalpel blade No. 4, and a Backhaus dissecting 
forceps to separate the gonads from the kidneys and the 
peritoneum. Tissues were embedded in paraffin, cut with 
a microtome, stained with haematoxylin and eosin, and 
mounted on a slide with Canada balsam. To identify specific 
elements in the mesenchyme we also used Periodic acid-Schiff 
(PAS) and Masson’s trichrome (García del Moral, 1993).
RESULTS
Early sexual dimorphism
We did not find sexual dimorphism in egg weight (p=0.3294) 
or hatchlings body weight at seven days of age (p=0.2158). 
In contrast, body weight at 3.5 months of age was sexually 
dimorphic (p=0.0009) with females being about 20 % 
heavier than males (Table 1).
Table 1. Egg and body weight of Podocnemis lewyana hatchlings (7 days old) and juveniles (3.5 months old) discriminated by sex used in this study.
Morphometry
Males (n=10) Females (n=10) Sexually 
dimorphic?Average Standard deviation Average Standard deviation
Egg weight 30.3 4.6 28.5 3.1 no (p=0.3294)
Hatchling body weight 22.1 3.0 20.5 2.8 no (p =0.2158)
Juvenile body weight 43.3 6.1 51.8 2.3 yes (p<0.001)
Macroscopic male´s reproductive system
The reproductive system of P. lewyana males is identified by 
a pair of testes and their epididymides. Macroscopically 
these have an elongated morphology, measuring 8 mm 
long x 4 mm wide x 2 mm deep (Fig. 1A). Its coloration in 
vivo is transparent-white, but changes to chalky white after 
fixation. The epididymis is observed in its distal portion, 
dark colored, and of approximately 3 mm long.
Microscopic male´s reproductive system
Histologically, the entire reproductive system (Fig. 2A) is 
coated by a single layer of flat and fusiform cells. These 
cells have a pattern of dense to granular chromatin, and are 
supported by a connective tissue. The tubular compartment 
of the male reproductive system is composed by the 
epididymis and testicle, while the interstitial compartment 
is overall composed of connective tissue.
Figure 1. Photographs of the reproductive systems of P. lewyana male 
(A) and female (B) juveniles seen through a stereoscope showing the 
testis (a), the epididymis (b), the ovary (c), the mesovarium (d).
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The epididymis (Fig. 2B) is composed of several ducts with 
cuboidal to almost columnar ciliated epithelium. These cells 
have rounded to ovoid nucleus with granular chromatin 
pattern, a dark basophilic nucleolus, and a cytoplasm with 
eosinophilic cilia. It was also observed a scattered black 
pigment located both at the interstitial and intracytoplasmic 
level of the epididymis. The interstitial compartment of 
epididymis has a connective tissue and multiple cells with 
spindle morphology, likely fibroblasts. In the basal portion 
of the epididymis there is a fibrovascular connective tissue 
that connects it to the testicular parenchyma.
The testicle (Fig. 2C) is formed by an external capsule that 
enters the organ and divides it by connective tissue septa, 
while its parenchyma is formed by rounded seminiferous 
tubules. These tubules are formed by low cuboidal 
epithelium with spermatogonia and sustentacular or 
Sertoli cells. The spermatogonia are large cells with a low 
relationship nucleus: cytoplasm (small nucleus compared to 
Figure 2. (A) Schematic drawing of transversal cut of the entire reproductive system of a P. lewyana juvenile male observed via light microscopy with 
40x magnification showing its four main components: epididymis, testis, ducts of low cuboidal epithelium and mesenchymal tissue.The epididymis is 
identified in its two portions: the apical portion (a) and its distal portion (b), with fibrovascular connective tissue (c) at the interstitial level. Within 
the testicular parenchyma are found seminiferous tubules (d), composed of sustentacular cells (e), and spermatogonia (f). In the testicular interstice 
are shown myofibroblasts (g). Following the testicular parenchyma there is fibrovascular connective tissue (h), ducts of low cuboidal epithelium (i) 
and the remnant of the appendage of the oviduct (j). The entire reproductive system is delineated by simple flat epithelium (k). (B) Photomicrograph 
of epididymis with 200x magnification. Notice the high cubic ciliated epithelium (a) and the black pigment located at interstitial and intracytoplasmic 
level (b). (C) Detail of the testicular parenchyma with 400X magnification highlighting the seminiferous tubules (a), composed of spermatogonia (b), 
sustentacular cells (c), and myofibroblasts (d) in the testicular interstitium, and simple flat cells (e) in the mesothelial external layer. (D) Detail of 
remnant of the paramesonephric duct in the male, composed by ducts of low cuboidal epithelium(a). Next is a portion of the testis with seminiferous 
tubules (b) and simple flat cells (c).
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the cytoplasm), with a round, small and central basophilic 
nucleus. The sustentacular or Sertoli cells have an ovoid to 
spherical shape with prominent nucleoli (up to two per cell), 
and clear basophilic staining. The interstitial compartment 
of the testicle is a connective tissue composed of fibroblasts, 
lymph vessels, and blood vessels of small and medium 
caliber. There are also fusiform cells resembling myoepithelial 
cells with dark basophilic and dense chromatin pattern 
surrounding the seminiferous tubules. In the testicular 
stroma there is fibrovascular connective tissue composed of 
medium caliber blood vessels and loose connective tissue.
We also observed two more structures. The first one is a 
rounded structure of tubular morphology composed of 
ducts of low cuboidal epithelium, and its cells exhibit an 
spherical nucleus and a single nucleolus. (Fig. 2D-a). In 
its interstitial level there is connective tissue surrounded 
by spindle cells. The second is a mesenchymal structure 
of elongated morphology with similar dimensions to the 
epididymis (Fig. 2A-j). This organ is filled with abundant 
fibrovascular connective tissue, blood vessels of small and 
medium caliber, and spindle cells.
Macroscopic female´s reproductive system
The reproductive system of the P. lewyana female is composed 
of a pair of ovaries, two oviducts and a mesovarium (Fig. 1B). 
The ovary is characterized by having an elongated tubular 
morphology, measuring 20 mm long x 2 mm x 2 mm. Its 
coloration in vivo is transparent to white, but after fixation 
it turns chalk white. Parallel to the ovary we observed the 
mesovarium as a connective tissue that in some portions was 
black colored.
Microscopic female´s reproductive system
Histologically, the entire reproductive system (Fig. 3) is 
coated by a single epithelial layer of flat and fusiform cells. 
These cells have a pattern of dense to granular chromatin, 
and are supported by a connective tissue.
The ovary (Figs. 3Ad, 4) is coated by a thin external capsule 
composed of connective tissue. We observed the cortex and 
the medulla (Fig. 4A). The cortex is formed by a germinal 
epithelium made of simple cubic epithelium, which in some 
parts stratifies to form germinal beds (Fig. 4B) that contains 
immature follicular cells. Deeper in the cortex these cells are 
observed in a more developed stage, that form previtellogenic 
Figure 3. (A) Photomicrograph of the reproductive system of P. 
lewyana hatchling female showing its main components: the appendage 
of the oviduct (a), the oviduct (b), the mesonephric ducts of low 
cuboidal epithelium (c), and the ovary (d). (B) Schematic histological 
drawing following A highlighting the the appendage of the oviduct 
(a), the oviduct (b), the tubular tissue of the mesonephric ducts (c) 
formed by low cuboidal epithelium (f), the ovary (d) exhibiting the 
germinal epithelium (h) in the cortex (i), and the medulla (j) with a 
cordolacunar system (g); and a fibrovascular connective tissue (e) 
between de oviduct and the ovary. (C) Detail of the mesonephric duct 
in regression composed by ducts of low cuboidal epithelium (a).
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follicles (Fig. 4C). The oocyte inside the follicle has a low 
relationship nucleus: cytoplasm. The nucleus is central 
and rounded, and exhibits a dense chromatin pattern. The 
oocyte is surrounded by the ooplasm, which exhibits fibrillar 
morphology. The medulla of the ovary on the other hand is 
formed by a cordolacunar system delimited by a simple flat 
epithelium, connective tissue and blood vessels.
The oviduct is composed by an epithelial mucose layer 
(Fig. 5Aa) formed by low cylindrical ciliated epithelium 
composed of elongated cells, and light basophilic nucleus 
with a granular chromatin pattern. The cytoplasm is scarce 
but projected apically into the lumen forming eosinophilic 
cilia. Just below the epithelium there is an acellular basement 
membrane (Fig. 5Ab) colored reddish violet with PAS 
staining. The submucose layer (Fig. 5Bc) is composed by 
a mesenchymal connective tissue that was evidenced with 
Masson´s trichrome stain (Fig. 5B). This layer is composed 
by a lax connective tissue (Fig. 5Bc) and a dense irregular 
tissue layer (Fig. 5Bd) composed of collagen fibers and 
fusiform fibroblasts. We also observed that part of the 
mesenchymal component of the submucose layer has an 
elongated projection showing small-caliber blood vessels 
and connective tissue, which is surrounded by a serosa layer 
(Fig. 3Be).
Like in the male, we also observed two additional structures 
in the female. The first one (Fig. 3Ac) is located between the 
ovary and the oviduct. This tissue has tubular morphology 
Figure 4.(A) Photomicrograph of the ovary showing the cortex (a), medulla (b), and the cordolacunar system (c).(B) Photomicrograph of a detail 
of the ovarian cortex showing the germinal epithelium (d), and a stratification of the epithelium forming a germinal bed (e). (C). Developing follicle 
showing the oocyte (f) and its ooplasm (g).
and rounded structures with simple cubic epithelium, and 
a basophilic and spheroid nuclei exhibiting prominent 
nucleoli. In the interstice there are spindle cells with a 
granular to reticular chromatin pattern and connective 
tissue surrounded by fibroblasts. The second structure 
(Fig. 3Aa) is located near to the oviduct, and is composed 
of mesenchymal tissue. Three portions of fibrovascular 
connective tissue are differentiated, with the proximal 
portion being the narrowest, and the middle having the 
small caliber blood vessels coated by vascular endothelium. 
All three portions are formed by spindle cells with elongated 
granular chromatin and dark basophilic nucleolus.
DISCUSSION
Sexual dimorphism
In this study we observed that the ovary was twice longer than 
the testis, but the testis was twice wider than the ovary. In 
contrast, in other congeneric species such as Podocnemis expansa 
and P. unifilis (Malvasio et al., 2012), the gonads of hatchlings 
of the same age (3 months) were sexually dimorphic only in 
their width. Nevertheless, this finding is in agreement with the 
sexual dimorphism found in their body weight.
Histology
The germinal cells observed in testes and ovaries of P. lewyana 
at 3 months of age were in an immature stage as expected. 
We observed spermatogonia in the seminiferous tubules, 
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but not spermatids or spermatozoa. Likewise, we observed 
primordial follicles in the germinal beds of the ovarian 
cortex, with an oocyte of approximately 20 µm (Fig. 4Cf), 
surrounded by flat follicular cells. Such development was 
classified as stage I of folliculogenesis in juvenile hawksbill 
sea turtles (Pérez-Bermúdez et al., 2012).
On the other hand, the tubular structures of males and females 
were also found in an immature stage. We did not observe 
the smooth muscle layer described in the oviduct of adult P. 
vogli (Hernández-Henao et al., 2013), and other reptiles such 
as geckos (Saltvarius wyberba) (Girling, 2002). The epididymis 
exhibited a simple high cuboidal ciliated epithelium, and the 
oviduct exhibited a simple low cylindric ciliated epithelium. 
In adult P. vogli these epithelia are not simple or cuboidal but 
cylindric and pseudostratified (Hernández-Henao et al., 2013).
A new finding was the black pigment found in the 
epididymis and the connective tissue that supports the 
ovary. Histologically, this pigment (Fig. 2B) is compatible 
with the melano-macrophage centers (MMC), which are 
aggregations of macrophages with melanin, lipofuscin 
and hemosiderin. These MMC have been found in spleen, 
liver, and gonads of other vertebrates such as fish, frogs 
and even Kinosternon turtles (Ravaglia and Maggese, 1995; 
Christiansen et al., 1996; Agius and Roberts, 2003; Pérez, 
2010). Among the functions of MMC are antibacterial 
protection and phagocytosis, and their amount can vary with 
the external environment including contamination (Pérez, 
2010), but also with nutrition and hormones according 
to the reproductive cycle (Agius and Roberts, 2003). In K. 
flavescens turtles MMC increased linearly with age, thus it is 
interesting to find MMC in P. lewyana only 3 months old.
On the other hand, the tubular structures are compatible 
with remnants of the mesonephric duct in the males (Fig. 
2Da), and remnants of the paramesonephric ducts in 
the females (Fig. 3C). These ducts originate from the 
mesonephros or the embryonic kidney, during the early 
embryonic stages. While both ducts are developed in both 
sexes, only the mesonephric ducts remain and differentiate 
into the epididymis in the male and the paramesonephric 
duct regresses. In the female, only the paramesonephric 
ducts remain and develops into the oviduct while the 
mesonephric duct regresses (Lombardi, 1998).
The mesenchymal structures observed in males (Fig. 2Aj) 
and females (Fig. 3Aa) are compatible with remnants of the 
appendages of the oviduct. This structure was also observed 
in P. expansa y P. unifilis females (Malvasio et al., 2012). 
Although this structure has similar histologic components 
in all Podocnemis species, its size is different. This appendage 
was approximately one third of the length of the oviduct in 
P. unifilis, similar length in P. expansa, but twice in P. lewyana 
females (this study). In P. lewyana males it was as long as the 
epididymis. Because its histological components resemble a 
peritoneum we believe this structure may give support to the 
reproductive system within the coelomic cavity.
CONCLUSION
This is the first histological review of the P. lewyana 
reproductive system at this early age, however it is important 
to undertake future studies at older ages that may also 
serve as a point of comparison for pathological studies. 
Very importantly, we also encourage future studies on its 
reproductive cycle to elucidate its biological capacity to 
increase population size and overcome the different threats 
that this species is currently facing.
ACKNOWLEDGEMENTS
We thank C. Gómez-Saldarriaga for providing the specimens 
used in this study. Funding for histological lab analyses 
was provided by the Veterinary School of the University of 
Antioquia, and the 2013-2014 Código E01727 Sustainability 
Program of the University of Antioquia to C. P. Ceballos. 
This work was carried out under protocol approved by the 
Animal Experimentation Ethics Committee of the University 
of Antioquia in Act 76, and research permit Nº 134-0067 
issued by the local government authority CORNARE.
Figure 5. (A) Photomicrograph of the oviduct with 400x magnification 
and PAS staining highlighting the high ciliated cylindrical epithelium 
(a), and the basement membrane (b). (B) Photomicrograph of the 
oviduct with 400x magnification and Masson´s trichrome staining 
highlighting the layers of lax connective tissue (c), irregular dense 
connective tissue (d), and its mesothelium (e).
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